Abstract-In this paper, we propose a novel multi-pattern based search technique, TCon search, for fast block matching motion estimation. It starts with small cross shaped and small triangular shaped patterns. Afterwards, based on the previous step optimal motion vector, the search pattern for next step is selected. Except first and last step, each search step considers only three points thus reducing the number of search points significantly. Experimental results demonstrate that the proposed TCon search algorithm performs better than the well-known diamond search (DS) and cross-diamondhexagonal search (CDHS) algorithms. Compared with the DS algorithm, the proposed TCon search performs up to 2.67 times faster in terms of search point computation and up to 1.67 times faster than CDHS algorithm while comparable quality of reconstructed sequence is maintained.
I. INTRODUCTION
Motion is main source of temporal variations in videos. Motion estimation (ME) is a process that estimates spatial displacements of same pixels in neighboring reference frames. In many video coding standards, significant improvement in bit-rate reduction is achieved through the application of motion estimation and motion compensation (MC). The process of ME divides frames into group of pixels known as block. Block matching algorithms (BMAs) are used to find out the best-matched block from the reference frame within a fixed-size search window. Displacement of best-matched block is described as motion vector (MV). The best-matched is usually evaluated through a cost function based on block distortion measure (BDM) such as mean square error (MSE), mean absolute error (MAE) or sum of absolute difference (SAD).
Full search (FS) BMA, which performs searching all the candidate blocks within the search window exhaustively, introduces high computational complexity. This high computational complexity imposes a big hurdle towards real-time coding of videos. Under this motivation, many fast BMAs [1] - [9] based on heuristic patterns have been proposed to achieve fast motion estimation with similar block distortion compared to FS and less computational complexity. These include four-step search (4SS) [3] , diamond search (DS) [4] , kite-cross diamond search (KCDS) [5] , modified DS (MODS) [6] , cross-diamondhexagonal search (CDHS) [7] [8] and adaptive rood pattern search [9] , ect. DS introduced a diamond shape searching pattern and unrestricted searching steps. KCDS utilizes cross-centre-biased MV distribution property. It employs small cross-shaped search pattern in the first and second steps. MODS uses dynamic threshold value to perform any time search stop. CDHS combines cross, diamond and hexagon shapes in the search pattern.
In this paper, we proposed a novel direction based TCon search algorithm for fast motion estimation. It starts with a small cross in the first step. Second step indentifies the trend of motion vector (MV) direction. Based on the direction of MV, obtained in second step, if current minimum BDM point is along any axis of previous minimum BDM point then three new points forming a T shape with the previous minimum BDM point, are selected to perform search in the next step. If current minimum BDM point does not coincide with any axis of previous minimum BDM then three new points, one along the direction of previous minimum BDM point and two along conjugate directions of first point, are checked for minimum BDM. Combination of T and Conjugate directional search is the heart of the proposed TCon search.
In this paper, Section 2 introduces the proposed mutlipattern search algorithm (TCon search) to perform efficient MV search. Section 3 describes experimental results and presents a comparison of the proposed search with other fast search BMAs on the basis of the experimental results. Finally, Section 4 concludes this paper.
II. MULTI-PATTERN SEARCH ALGORITHM
The proposed TCon search is based on the observation that once a motion vector is non zero during its initial search steps then it tends to remain within orientation of 180 degrees in the consequent search steps for that particular motion vector. This observation was testified on the sequences used in the experimental evaluation. For all of the sequences, full search BMA was used and not a single MV violated above mentioned observation. Based on this observation, number of candidate points within a search window is reduced to half. Further reduction in the remaining candidate points is achieved through the employment of different search patterns. The proposed TCon search algorithm employs five different search patterns as illustrated in Figure 1 . Black dot in these patterns represents minimum BDM point of previous search step. First pattern, small cross shaped pattern (SCSP), consists of 5 search points including the start point at the centre. Block search always starts with this pattern. This pattern helps to identify the direction of the flow of motion and helps early termination for static background based blocks. After SCSP, Small triangle shaped pattern (STSP) searches three new points surrounding previous optimal search point identified through SCSP to further confirm the motion direction. STSP shown in Figure 1 is assumed for upward minimum BDM point from the previous step otherwise, this shape can be in any of four directions of SCSP. After first two steps, further search is always performed using either Large T-shaped (LTSP) or large conjugate-directional search pattern (LCSP). LTSP and LCSP patterns shown in Figure 1 are assumed for motion in upward and upward-right diagonal directions, respectively. When a minimum BDM is in the direction of previous minimum BDM then T pattern is used which helps to avoid unnecessary checking of directionally unrelated points. When a minimum BDM point is not along the direction of previous BDM then conjugate direction based LCSP pattern is used. Thus, in muti-pattern approach, checking points which have very low probability to follow the motion inertia are avoided and hence complexity of ME is reduced. At any stage of search, if previous minimum BDM is also current minimum BDM then small double cross shaped pattern (SDCSP) is used to searches 8 new points surrounding minimum BDM. As seen in Figure 1 , except pattern (a) and (e), all the patterns perform testing on three new points. This three points based patterns reduce the complexity of motion vector search by avoiding unnecessary point. The proposed TCon search algorithm can be described in the following steps:
Step 1: A minimum BDM point is found from 5 checking points using SCSP. If the start point is the minimum BDM point then search terminates here other wise go to step 2.
Step 2: Minimum BDM point of step 1 is surrounded in small triangle shaped pattern to search 3 new points for minimum BDM. Then go to step 3.
Step 3: Considering minimum BDM point of previous step, large T-shaped search pattern is formed. If previous minimum BDM point is also minimum BDM point of this step or minimum BDM point of step touches the boundary of search window then go to step 5. If minimum BDM point found in this step is along the axis of previous minimum BDM point then repeat step 3 for newly found minimum BDM point otherwise go to step 4.
Step 4: Considering minimum BDM point of previous step, large conjugate-directional search pattern is employed. If previous minimum BDM point is also minimum BDM point of this step or minimum BDM point touches the boundary of search window then go to step 5. If minimum BDM point found is along any of conjugate directions of previous minimum BDM point then go to step 3 otherwise repeat step4.
Step 5: Use small double cross search pattern to check 8 new search points. The minimum BDM point found in this step is the best matched point for motion vector representation. Terminate search.
To illustrate the workflow of the proposed search algorithm, two different examples of motion vector search are shown in Figure 2 with different search paths with search range of 7.
III. SIMULATION RESULTS
Performance of the proposed TCon search has been evaluated using five different image sequences shown in Table 1 with the associated information. These sequences can be divided into three groups: Akiyo and Carphone with low intensity of motion activity, Foreman and Tennis with normal motion activity and Football with high level of motion activity. While performing the experiment, sum of absolute difference (SAD) is used as block distortion measure (BDM). Block size is 16x16 and search range is 15 with GOP size 64. A number of Different criteria are used for evaluating the proposed TCon search algorithm. They are mean square error (MSE), average number of search points per motion vector, relative complexity reduction (RCR), and SpeedUp ratio. Table 2 shows MSE results for the comparison of different BMAs in terms of reconstructed image quality. Results in Table 2 and Table 3 show that the proposed TCon search has always performed better in terms of complexity reduction than other BMAs with very closely similar MSE values. Table 3 shows results of average number of search points per MV. Note that considering the search window size; this value is constant for FS. Results show that the proposed TCon search has the lowest average number of search points per MV for each type of image sequence. Table 4 and Table 5 show computational power saving for each sequence in terms of Relative Complexity Reduction (RCR) and SpeedUp ratio. These are calculated using following relations:
where NS TCon and NS represents total number of search points using proposed TCon search and other Fast search approach, respectively. These two parameters, RCR and SpeedUp, describe how much computational power is saved using the proposed approach in comparison to DS and CDH search approach. Experimental results of Table 4 and Table 5 show that the proposed approach can reduce the computational complexity significantly with very little change in MSE. 
IV. CONCLUSIONS
In this paper, we have presented a novel TCon search technique to perform fast motion estimation. The proposed search pattern starts with small cross shaped and small triangular shaped patterns. Afterwards based on previous optimal search point, it selects either T-shaped pattern or Conjugate-directional pattern. A high reduction in computational complexity is achieved by using the proposed technique. Performance of the implemented TCon block search is compared against DS and CDHS BMAs. MSE and average number of search points per motion vector results obtained through experimental evaluation show that processing speed can be improved significantly by using the proposed approach while maintaining comparable image quality. Relative complexity reduction up to 46.52% is possible compared to CDHS and 62.55% compared to DS.
